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Date: July 25, 2008 



Declaration 



l Michihiko Matsuba, President of Fukuyama Sangyo Honyaku Center, Ltd., of 
1 6-3, 2-chome, Nogamhcho, Fukuyama, Japan, do solemnly and sincerely declare 
that I understand well both the Japanese and English languages and that the 
attached document in English is a full and faithful translation, of the copy of 
Japanese Unexamined Patent No. Sho~63~234937 laid open on September 30, 
1988. 




Michihiko Matsuba 



Fukuyama Sangyo Honyaku Center, Ltd. 



ELECTRONIC ENDOSCOPE DEVICE 

Japanese Unexamined Patent No. Sho-63-234 937 

Laid-open on: Sept. 30, 1988 

Application No. Sho-62-69911 

Filed on: March 24, 1987 

Inventor: Akihiko Miyazaki 

Applicant: Olympus Optical Co., Ltd. 

Patent Attorney: Susumu Itoh 

SPECIFICATION 

1 . TITLE OF THE INVENTION 

ELECTRONIC ENDOSCOPE DEVICE 

2. WHAT IS CLAIMED IS; 

An electronic endoscope device, displaying, on a color 
monitor, an image pickup signal captured using a solid-state 
image pickup element, 

the electronic endoscope device comprising : a matrix circuit, 
generating a specific color signal; and a contour enhancing 
unit, performing contour enhancement of the color signal 
generated by the matrix circuit. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[Industrial Field of the Invention] 



The present invention relates to an electronic endoscope, 
including a contour enhancing unit that enhances a contour of 
change from a specific color. 

[Prior Arts] 

Recently, various endoscopes using a CCD or other solid-state 
image pickup unit (referred to hereinafter as "electronic 
endoscopes'' or "electronic scopes") are being proposed to take 
the place of optical endoscopes (also referred to as 
"f iberscopes") with which an image guide is formed using a fiber 
bundle . 

In comparison to a fiberscope, an electronic endoscope has 
many merits such as being easy in recording and reproduction 
of an image, easy in performing image processing, etc., and 
is positioned to become widely used in the future. 

With a conventional television camera, etc., a luminance 
signal Y and color difference signals R-Y and B-Y are generated 
from captured R, G, and B color signals, and picture definition 
is improved by performing a contour enhancing process on the 
luminance signal Y. Although there are electronic endoscopes 
that are arranged to perform contour enhancement in likewise 
manner, for example, in a frame sequential type electronic 
endoscope, a contour enhancement amount is the same for each 
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# 



of the captured R, G, and B color signals. 
[Problems to be Solved by the Invention] 

However, as described above, when contour enhancement is 
performed on just the luminance signal Y or performed by the 
same amount on each of theR, G, andB color signals, the respective 
color components are contour enhanced in common. Thus, for 
example, even in a case where a specific color component 
characterizes an affected portion, color components other than 
the specific color component are also contour-enhanced, and 
changes of the specific color component become inconspicuous 
and a processed image suitable for diagnosis cannot be obtained. 

The present applicant thus proposed, for example, a related 
art example of performing contour enhancement with each of R, 
G, and B in Japanese Patent Application No. Sho-61-1 81 630 . 

[Problems to be Solved by the Invention] 

With the abovementioned related art example, although contour 
enhancement can be performed on each of R, G, and B independently, 
because the three are independent, for a case where contour 
enhancement is to be performed near a hue close to that of a 
normal site within a body cavity, a settable hue range may be 
too wide and setting of a target hue may be troublesome. 

The present invention has been made in view of the above 
point, and an object thereof is to provide an electronic 
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endoscope device, with which contour enhancement can be 
performed to enable identification of an affected portion, etc . , 
without requiring any troublesome operations. 
[Means for Solving Problems] 

With the present invention, a color signal generating unit, 
generating, from an output signal of an image pickup unit, a 
color signal corresponding to a hue of an internal body portion, 
etc., to be subject to contour enhancement, and a contour 
enhancing unit, performing contour enhancement with respect 
to a level change of the color signal, are provided to perform 
contour enhancement on a level changing portion of a specific 
color signal component in the output signal of the image pickup 
unit . 

[Preferred Embodiment] 

The present invention shall now be described in detail with 
reference to the drawings. 

FIGS. 1 to 5 concern a first embodiment according to the 
present invention with FIG. 1 showing an electronic endoscope 
device according to the first embodiment, FIG. 2 showing a 
vectorscope expressing colors by color difference coordinates, 
FIG. 3 showing a configuration of amatrix circuit that generates 
a contour enhancement color signal, FIG. 4 showing an example 
of enhancing circuit for contour enhancement, and FIG. 5 being 
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a diagram for describing an operation of the circuit of FIG. 
4. 

As shown in FIG. 1 the electronic endoscope device 1 according 
to the first embodiment is constitutedof an electronic endoscope 
2, including an inserted portion formed to be elongate to enable 
insertion into a body cavity, a video processor unit 3, connected 
to a universal cord of the electronic endoscope 2, and an 
unillustrated color monitor, displaying an intracavity site 
4 or other subject according to an output signal of the video 
processor unit 3. 

Inside the video processor unit 3 are housed a frame sequential 
type light source unit 5 and a signal processing unit 6. 

A light guide 7, transmitting illumination light, is inserted 
through the inserted portion of the electronic endoscope 2, 
transmits the illumination light supplied to one end face from 
the light source unit 5, and illuminates the illumination light 
from a tip end face to an intracavity site 4. The light source 
unit 5 includes a white lamp 8 and a rotary filter 9, provided 
withred, green, andblue color transmitting filters that convert 
the white light of the lamp 8 to light of red, green, and blue 
wavelengths, that is, to R, G, and B illumination light, and 
the rotary filter 9 is rotatingly driven by an unillustrated 
motor. The R, G, and B illumination light are thus supplied 
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through the rotary filter 9 to the incidence end of the light 
guide 7 and the intracavity site is sequentially illuminated 
by the R, G, and B illumination light transmitted by the light 
guide 7 . An image of the illuminated intracavity site 4 or other 
subject is formed by an objective lens 11 on an image pickup 
surface of a CCD 12 or other solid-state image pickup element. 
A photoelectric conversion output of the CCD 12 is amplified 
by a preamp 13 and input via a signal cable into a preprocessing 
circuit 14 that constitutes the signal processing unit 6. The 
signal input into the preprocessing circuit 14 is subject to 
correction of white balance by a white balance circuit within 
the circuit and, after being subject to y correction by a y 
correction circuit and other signal processing, is converted 
into a digital signal by an A/D converter 15. In regard to the 
signal converted into the digital signal, the signals 
respectively captured under R, G, and B illumination are written 
one frame at a time in a frame memory 16. The signal data written 
into the frame memory 16 are read simultaneously and converted 
by a D/A converter 17 into R, G, and B analog signals. The R, 
G, and B signals are input into a matrix circuit 18 and converted 
into a luminance signal Y and color difference signals R-Y and 
B-Y. 

The R, G, and B color signals, converted by the D/A converter 
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17, are also input into a matrix circuit 21 for generating a 
specific color signal, and a color signal S for a color for 
which contour enhancement is to be performed is thereby generated . 
The color signal S is, for example, a color signal that expresses 
a color of a portion of the intracavity site 4 illuminated from 
the exit end of the light guide 7. 

The output signal S of the matrix circuit 21 is input into 
an enhancing circuit 22 that performs contour enhancement and 
outputs a contour enhanced component with respect to a level 
change of the color of the intracavity site 4 portion. 

The luminance signal generated by the matrix signal 18 and 
the contour enhanced signal from the enhancing circuit 22 are 
added by an adder 23 and then respectively input along with 
the color difference signals R-Y and B-Y, output from the matrix 
circuit 18, into an inverse matrix circuit 24 and an NTSC encoder 
25. 

The signals input into the inverse matrix circuit 24 are 
output as three RGB primary color signals, and the signals input 
into the NTSC encoder 25 are output as an NTSC composite video 
signal . 

The matrix circuit 21, which is a principal portion of the 
first embodiment, is set in accordance with the color of the 
actual intracavity site 4. For example, if the color of the 
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illuminated intracavity site 4 is magenta on a vectorscope having 
an R-Y axis and a B-Y axis as coordinate axes as shown in FIG. 
2, this color is located at a position 61° from the B-Y axis, 
and rotation of the B-Y axis by 61° is expressed by a rotation 
formula as follows: 



Thus, 

cos61° (B-Y) -sin61° (R-Y) =0.485 (B-Y) -0.875 (R-Y) =0 . 4 85B-0 . 875 
R+0.39Y. 



cos61° (B-Y)-sin61° (R-Y) =0 . 758R+0 . 23G+0 . 52 6B . This becomes 
the magenta axis and, the matrix circuit 21 is configured as 
shown in FIG. 3. The color signal R is applied via a resistor 
Rl to a base of a transistor Ql . The base of the transistor 
Ql is grounded via a resistor R2 . The color signals G and B 
are applied via resistors R3 and R4, respectively, to an emitter 
of the transistor Ql . A collector of the transistor Ql is 
connected via a resistor R5 to a positive power supply terminal 
Vcc, and the emitter of the transistor Ql is connected via a 
resistor R6 to a negative power supply terminal -Vcc. The 
collector of the transistor Ql is also connected to a base of 
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Meanwhile, 



because 



Y=0.30R+0.59G+0.11B, 
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a transistor Q2 that forms an emitter-follower for conversion 
to and output at low impedance. A collector of the transistor 
Q2 is connected to the positive power supply terminal Vcc, and 
an emitter of the transistor is connected via a resistor R7 
to the negative power supply terminal -Vcc and to a signal output 
terminal . 

With the matrix circuit 21 with the above configuration, 
the transistor Ql is base-grounded and non-inverted in output 
with respect to the color signals G and B. This base-grounded 
amplification A is R5/ (R3//R4 ) =R5 (R3+R4 ) /R3 • R4, and an 
amplification AG for the G signal input via the resistor R3 
is as follows: 

A * R4/ (R3+R4 ) =R5/R3 (1) 

Here, for example, R3//R4 expresses a synthetic resistance value 
of the resistors R3 and R4 in parallel connection. 
Likewise, an amplification AB for the B signal is: 

A * R3/ (R3+R4 ) =R5/R3 — (2) 

Meanwhile, for the R signal, the transistor Ql is 
emitter-grounded and inverted in output. An amplification AR 
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for the R signal is: 

-R5/ (R3//R4//R6) *R2/ (R1+R2) 

=-R2R5 (R4R6+R3R6+R3R4) / (R3R4R6 (R1+R2) ) — (3) 

The resistors Rl to R6 are thus set so that 
AR : AG : AB= ( 3 ) : (1) : (2) — 0 . 758 : 0 . 23 : 0 . 528 . 

The matrix circuit 21 extracts a color signal component of 
magenta, and the signal level of output from the circuit changes 
in accordance with a level change of this color signal component. 
The output signal of the matrix signal 21 is contour-enhanced 
by the enhancing circuit 22. The enhancing circuit 22 has, for 
example, a configuration shown in FIG. 4. 

As shown in FIG. 4, the contour enhancing circuit 22 is 
constituted of first and second delay lines (DL) 31 and 32, 
delaying an input signal, an adder 33, adding the input signal 
and an output signal of the serially connected delay lines 31 
and 32, a 1/2 inverter 34, halving and inverting an output signal 
of the adder 33, an adder 35, adding an output signal of the 
1/2 inverter 34 and an output signal of the first delay line 
31, a multiplier 36, multiplying an output signal of the adder 
35 to a predetermined magnitude, an adder 37, adding an output 
signal of the multiplier 36 and the output signal of the first 
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delay line and output ting the addition result, and an enhancement 
amount setting circuit 38. 

The enhancement amount setting circuit 38 is constituted 
of a power supply 39 and a variable resistor 40, connected to 
the power supply 39, and applies a DC voltage, resulting from 
voltage division by the variable resistor 4 0, to a multiplication 
setting terminal of the multiplier 36. 

An operation of the enhancing circuit 22 shall now be described 
with reference to FIG. 5 . 

For example, an input signal such as that indicated by FIG. 
5A is delayed, for example, by one pixel at a time by the first 
and second delay lines 31 and 32 as indicated by FIG. 5B and 
5C, respectively. The output signal (FIG. 5C) of the second 
delay line 32, which is delayed by two pixels, and the input 
signal (FIG. 5A) are added by the adder 33 to obtain an output 
signal (FIG. 5D) . The output signal (FIG. 5D) of the adder 33 
is halved and inverted by the 1/2 inverter 34 to obtain an output 
signal (FIG. 5E) . The output signal (FIG. 5E) of the 1/2 inverter 
34 and the output signal (FIG. 5B) of the first delay line 31 
are added by the adder 35 to obtain a contour enhancement 
component (FIG. 5F) . The contour enhancement component (FIG. 
5F) is set to a predetermined magnitude by the multiplier 36 
and added to the output signal (FIG. 5B) of the first delay 
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line 31 by the adder 37 to obtain a contour-enhanced output 
signal (FIG. 5G) . 

The multiplication value at the multiplier 36 is determined 
by the DC voltage level input from the variable resistor 40 
of the enhancement amount setting circuit 38 . Thus, by adjusting 
the variable resistor 40, the contour enhancement amount at 
the enhancing circuit 22 can be set to any amount . As the variable 
resistor 40, an electronic volume, controlledby amicrocomputer, 
etc . , may be used. 

In a case where each of the first and second delay lines 
31 and 32 delays the input signal by one pixel as described 
above, a contour in a horizontal direction of an image plane 
is enhanced. The delay amount of each of the first and second 
delay lines 31 and 32 may be greater than one pixel, and when 
the delay amount is increased, a contour of a low frequency 
component can be enhanced. Furthermore, by setting the delay 
amount of each of the first and second delay lines 31 and 32 
to an amount corresponding to a single horizontal scan line, 
a contour in a vertical direction of the image plane can be 
enhanced. Also, by using two enhancing circuits 22 and performing 
contour enhancement in the horizontal direction of the image 
plane with one circuit and performing contour enhancement in 
the vertical direction of the image plane with the other circuit, 
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two-dimensional contour enhancement is enabled. 

With the first embodiment configured as described above, 
because a specific color signal of the intracavity site 4, etc. , 
is generated by the matrix circuit 21 and selective contour 
enhancement is performed with respect to the level change of 
the color signal by the enhancing circuit 22, for example, when 
there is an affected site or other site that is same in brightness 
(lightness) but slightly changed in hue with respect to a normal 
site in the intracavity site 4, the output signal level of the 
matrix circuit 21 changes and contour enhancement by the 
enhancing circuit 22 is performed with respect to this level 
change of the output signal . Thus, by using the first embodiment, 
an affected portion can be made to stand out effectively to 
enable oversight of the affected portion to be prevented and 
a state of the affected portion to be made known in more detail, 
and the first embodiment is thus an effective means for 
diagnosis . 

FIG. 6 shows an electronic endoscope device 51 according 
to a second embodiment of the present invention. 

This embodiment can be used with an electronic endoscope 
53, having amosaic filter 52 disposed on the imagepickup surface 
of the CCD 12. White light of a white lamp 56, constituting 
a white light source unit 55 inside a video processor unit 54, 
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is converged by a condenser lens 57 and illuminated onto the 
incident end face of the light guide 7, and white light is 
illuminated from the exit end of the light guide 7 onto the 
intracavity site 4 or other subject. 

A subject image formed on the image pickup surface of the 
CCD 12, on which the mosaic filter 52 is disposed, is subject 
to color separation by the mosaic filter 52. The 
photoelectrically converted signal is amplified by the preamp 
13 and thereafter input into a low-pass filter (LPF) 61, 
constituting the video processor unit 54, to extract the 
luminance signal Y and also input into a band-pass filter (BPF) 

62 to extract color difference signal components. 

The luminance signal Y, output via the low-pass filter 61, 
is maintained at an appropriate output level by an AGC circuit 

63 and converted to a luminance signal Y that is y-corrected, 
generally at a 0.45 inclination, by a y-correction circuit 64 . 

Meanwhile, the output signal of the band-pass filter 62 is 
line sequential, and after being synchronized by a line 
sequential synchronizing circuit 65, is input into a white 
balance circuit 66 to generate the white-balanced color 
difference signals R-Y and B-Y. The color difference signals 
R-Y and B-Y are input into a matrix circuit 71 for generating 
a specif ic color signal and the specific color signal Sis thereby 
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generated. That is, the color signal S, which expresses the 
same color as the color of the portion of the intracavity site 
4 that is illuminated by the light guide 7, is generated. When 
for example, the color is magenta, 0 . 485 (B-Y) -0 . 875 (R-Y) 
becomes the magenta axis as in the first embodiment . The matrix 
circuit 71 in this case can thus be made to have the configuration 
shown in FIG. 7. The color difference signal R-Y is applied 
via a resistor Rll to a base of a transistor Q3 . The base is 
grounded via a resistor R12. Meanwhile, the color difference 
signal B-Y is applied via a resistors R13 to an emitter of the 
transistor Q3 . A collector of the transistor Q3 is connected 
via a resistor R14 to the positive power supply terminal Vcc, 
and the emitter is connected via a resistor R15 to the negative 
power supply terminal -Vcc. The collector of the transistor 
Q3 is also connected to a base of a transistor Q4 that forms 
an emitter-follower. A collector of the transistor Q4 is 
connected to the positive power supply terminal Vcc, and an 
emitter of the transistor is connected via a resistor R16 to 
the negative power supply terminal -Vcc. The emitter of the 
transistor Q4 is connected to an output terminal. 

With the matrix circuit 71 with the above configuration, 
an amplification AB-Y for the color difference signal B-Y is: 
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AB-Y=R14/R13 •■• (4) 

An amplification AR-Y for the color difference signal R-Y is: 

AB-Y=-R14/ (R13//R15) xR12/ (R11+R12) 
=-R12R14 (R13+R15)/ (R13R15 (R11+R12) ) — (5) 

The resistors Rll to R14 are thus set so that 
AB-Y:AR-Y= (4) : ( 5 ) -0 . 4 8 5 : -0 . 87 5 . 

The matrix circuit 71 is arranged to change in level with 
respect to the magenta color. This signal is contour-enhanced 
by the enhancing circuit 22 to take out a contour enhancement 
component for the level change of the magenta color . The contour 
enhancement component is added to the luminance signal Y by 
the adder 23, then input along with the color difference signals 
R-Y and B-Y into the NTSC encoder 25, and output as an NTSC 
composite video signal. 

Actions and effects of the second embodiment are 
substantially the same as those of the first embodiment. 

The matrix circuit 21 or 71 in the first embodiment or the 
second embodiment is not restricted to that shown in FIG. 3 
or 7 and, for example, can be constituted using an operation 
amplifier (referred to as "op-amp") . For example, as the matrix 
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circuit 71 of FIG. 6, a matrix circuit 81 shown in FIG. 8 may 
be used. 

That is, an op-amp 82 constitutes an inverting amp with 
resistors R21 and R22 for the color difference signal R-Y, and 
an op-amp 83 constitutes a non-inverting amp with resistors 
R23 and R24 for the color difference signal B-Y. Outputs of 
the amps 82 and 83 are input into an adder 84 that outputs the 
color signal S as an addition result. Here, an amplification 
of the inverting amp is -R22/R21, an amplification of the 
non-inverting amp is (R23+R24 ) /R23, and these are set, for 
example, for the color magenta so that a ratio of the 
amplification values becomes -0.875:0.485. 

With the matrix circuit 81, for example, the resistor R21 
is constituted of a fixed resistor R and a variable resistor 
r of lower resistance value than the resistor R so that the 
color to be contour-enhanced can be finely adjusted by the 
variable resistor to accommodate cases where there are 
individual differences in the color of the intracavity site 
or cases where a color to be enhanced differs according to site. 
In this case, by making the resistor R22 also change in a coupled 
manner, it becomes possible to finely adjust just the hue. 

Although with each of the above embodiments, the output of 
the enhancing circuit 22 is added to the luminance signal, the 
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present invention is not limited thereto, and arrangements can 
be made to perform addition to R, G, and B color signals that 
are not passed through the enhanced circuit 22 after separation 
into the R, G, and B color signals via an inverse matrix circuit 
with a function that is inverse that of the matrix circuit 21 
or 71. 

The present invention can also be applied to an electronic 
endoscope device, with which a television camera, using a CCD, 
etc., is mounted on an ocular portion of a fiberscope. 

[Effects of the Invention] 

As described above, with the present invention, because 
a unit, generating a specific color for a specific color of 
an intracavity site, etc., and a unit, performing contour 
enhancement on a change of level of the specific color, are 
provided, an affected site, etc., at which the level of the 
specific color changes can be made to stand out. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 to 5 concern a first embodiment according to the 
present invention and FIG. 1 is a conf iguration_diagram of an 
electronic endoscope device according to the first embodiment, 
FIG. 2 is a vectorscope diagram expressing hues with color 
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difference coordinates, FIG. 3 is a circuit diagram of a specif ic 
configuration of a matrix circuit that generates a specific 
color signal, FIG. 4 is a configuration diagram of an enhancing 
circuit, FIG. 5 is a wavef ormdiagram for describing an operation 
of the circuit of FIG. 4, FIG. 6 is a configuration diagram 
of a second embodiment according to the present invention, FIG. 
7 is a circuit diagram of a configuration of a matrix circuit 
in the second embodiment, and FIG. 8 is a circuit diagram of 
another configuration example of a matrix circuit in the second 
embodiment . 

1 ■■• electronic endoscope device 2 ■•• electronic endoscope 

3 ••• video processor unit 

5 light source unit 12 CCD 

16 ••• memory 

17 ••• D/A converter 

21 ••• matrix circuit 

22 •■• enhancing circuit 23 ••• adder 
Representative Susumu Itoh, Patent Attorney 
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FIG. 1 

1 Electronic endoscope device 

2 Electronic endoscope 

3 Video processor unit 

4 Intracavity site 

5 Light source unit 

6 Signal processing unit 

13 Preamp 

14 Preprocessing circuit 
16 Memory 

18 Matrix circuit 

21 Matrix circuit 

22 Enhancing circuit 

24 Inverse matrix circuit 

25 NTSC encoder 

FIG. 4 
Output 

FIG. 5 

(a) Input signal 

(b) Output signal of first delay line 31 

(c) Output signal of second delay line 32 
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(d) Output signal of adder 33 

(e) Output signal of 1/2 inverter 34 

(f) Contour enhancement component 

(g) Contour-enhanced output signal 



FIG, 6 

22 Enhancing circuit 

25 Encoder 

64 Y" correc tion circuit 

65 Line sequential synchronizing circuit 

66 White balance circuit 
71 Matrix circuit 
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AMENDMENTS (VOLUNTARY) 
Jan. 12, 1988 

To: Mr. Kunio Ogawa, Chief of the Patent Office 

1. Indication of the Case Japanese Patent Application No. 
Sho-62-69911 

2. Title of the Invention Electronic Endoscope Device 

3. Person Making the Amendments 
Relation to Case Patent Applicant 

Address 43-2 2-chome Hatagaya, Shibuya-ku, Tokyo 
Name (037) Olympus Corporation 
Toshiro Shimoyama, Representative 

4 . Agent 

Address 6F Musashi Bldg. 

4-4 7-chome Nishishinjuku, Shinjuku-ku, Tokyo 
TEL: (371) 3561 

Name (7623) Susumu Itoh, Patent Attorney 

5. Date of the Amendments (voluntary) 

6. Amended Object (s) " DETAILED DESCRIPTION OF THE 
INVENTION" section of the Specification. 

"FIG. 4" and "FIG. 5" of the Drawings. _ 

7. Contents of the Amendments As indicated in separate 
sheet . 
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1. a multiplier 36, multiplying an output signal of the 
adder 35 to a predetermined magnitude, an adder 37, adding an 
output signal of the multiplier 36 and the output signal of 
the first delay line and outputting the addition result, and 
an enhancement amount setting circuit 38." in line 10 to line 
13 of page 11 of the Specification is amended to read: a 
multiplier 36, and an enhancement amount setting circuit 38." 

2. • is set to a predetermined magnitude by the multiplier 
36 and added to the output signal (FIG. 5B) of the first delay 

« 

line 31 by the adder 37 to obtain a contour-enhanced output 
signal (FIG. 5G)." in line 13 to line 16 of page 12 of the 
Specification is amended to read: is set to a predetermined 
magnitude by the multiplier 36." 



* 
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FIG. 4 
Output 

FIG. 5 

(a) Input signal 

(b) Output signal of first delay line 31 

(c) Output signal of second delay line 32 

(d) Output signal of adder 33 

(e) Output signal of 1/2 inverter 34 

(f) Contour enhancement component 
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